Introduction
============

Lung cancer is a malignant and threatening disease in the world. It accounts for \~1.82 million newly diagnosed cases and 1.59 million deaths every year ([Figures 1](#f1-dddt-11-3367){ref-type="fig"} and [2](#f2-dddt-11-3367){ref-type="fig"}). Among such death cases, 85% are due to non-small-cell lung cancer (NSCLC).[@b1-dddt-11-3367] NSCLC patients also have multiple antitumor mechanisms similar to healthy people. That is to say, tumor infiltrating lymphocytes (TILs) can kill lung cancer cells by releasing various cytokines such as interferon-γ (IFN-γ) and interleukin-2 (IL-2), further differentiate under the stimulation of lung carcinoma cells, and reinforce ability to kill cancer cells.[@b2-dddt-11-3367] Despite its significant role, the survival rate of NSCLC patients up to 5 years is only \~10%.[@b3-dddt-11-3367]

According to recent research, NSCLC cells are capable of releasing a variety of multiple immunosuppressive factors, such as cyclooxygenase-2, interleukin-10 (IL-10), and transforming growth factor β (TGF-β). Meanwhile, multiple immune inhibitory receptors can be detected on T lymphocytes on the tumor part, including programmed death-1 (PD-1), T-cell immunoglobulin and mucin-domain-containing molecule-3 (TIM-3), cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4), lymphocyte activation gene-3 (LAG-3), and T-cell immunoglobulin immune-receptor tyrosine-based inhibitory motif domain (TIGIT).[@b4-dddt-11-3367] By releasing immunosuppressive factors and binding with corresponding receptors on cytotoxic T lymphocytes, the tumors can activate downstream signal transduction pathways to restrain the cytokine secretion of cytotoxic T lymphocytes and greatly restrain immune function of tumor-specific T lymphocytes. Moreover, immunosuppressive factors released by tumor cells can also bind with receptors on regulatory T lymphocytes, promote the negative immune modulating functions, and restrain proliferation and differentiation of cytotoxic T lymphocytes through IL-10 and IL-35, so it is impossible for patients to generate effective tumor-killing lymphocytes. This is good for proliferation of tumor cells, resulting in progression of disease and death of patients.

Further, aiming to investigate the immune escape mechanism of NSCLC, researchers have developed the antibodies targeting T lymphocytes' immune inhibitory receptors, which block the immunosuppression signal pathways of cancer cells and restore the antitumor function of T lymphocytes.[@b5-dddt-11-3367] Few studies conducted a comparison between the curative effects of PD-1 receptor antagonists and the traditional chemotherapy drug, Taxol^®^ (paclitaxel; Bristol-Myers Squibb Company, Princeton, NJ, USA) in NSCLC, and found out the overall survival (OS) of patients who took the immune inhibitory receptor antagonists was 12.2--17.3 months and the progression-free survival (PFS) was 5--10.3 months; conversely, the patients taking paclitaxel therapy had the OS of 8.2--9.4 months and the PFS of 4.1--6 months.[@b6-dddt-11-3367]--[@b10-dddt-11-3367] Meanwhile, the meta-analysis compared the effects of immune checkpoint inhibitors (ICIs) and traditional chemotherapy drugs in curing squamous carcinoma and nonsquamous carcinoma in NSCLC. The analysis gathered the experimental data of PubMed, MEDLINE, Embase, and ESMO. According to the final results, the PFS value of ICIs in curing squamous carcinoma was significantly higher than that of traditional chemotherapy drugs and the hazard ratio was 0.68. Conversely, the PFS value obtained after curing nonsquamous carcinoma with ICIs was not significantly different from that of traditional chemotherapy drugs and the hazard ratio was 0.88. According to such results, the immune-targeted curative drugs are more effective than traditional chemotherapy drugs and suffer fewer side effects.[@b11-dddt-11-3367],[@b12-dddt-11-3367]

In recent years, there have been multiple immune-targeted drugs specific to inhibitory receptors and negative regulatory factors. There is no doubt that immune-targeted therapy will be a major treatment in the future for lung cancer treatment. As a result, in order to better develop immune-targeted drugs, it is necessary to know about categories and corresponding mechanism of multiple immune inhibitory receptors and negative regulatory factors, which have the extremely important significance on developing drugs and formulating therapeutic schedules. We have summarized the mechanisms as to how multiple immune inhibitors bound with regulatory cytokines released by tumor cells affect the differentiation or the production of T lymphocytes in NSCLC patients, hoping to provide reference for the development of immune-targeted therapeutic drugs ([Figure 3](#f3-dddt-11-3367){ref-type="fig"}).

PD-1
====

PD-1 belongs to cluster of differentiation 28 (CD28) family, which is coded by chromosome 2q37 segment, and is expressed in the activated T lymphocytes. In normal human tissues, PD-1 binds with programmed death ligand 1 (PD-L1)/CD274 or PD-L2/CD273, restrains the proliferation of T lymphocytes, and promotes the generation of immunosuppressive factors. It also can prevent human body from injury resulting from a strong immunoreaction and autoimmune disease, and it is advantageous for maintaining immune self-stabilization. When PD-1 is highly expressed in TILs, it induces body to generate immune tolerance to tumor cells, resulting in immune escape of tumors.[@b13-dddt-11-3367],[@b14-dddt-11-3367] NSCLC can improve PD-L1 expression on lung cancer cytomembrane through signal transducer and activator of transcription-3 and anaplastic lymphoma kinase signal pathways, so as to further help immune escape of tumor cells.[@b15-dddt-11-3367]

Researchers conducted immunohistochemistry (IHC) detection on the lung cancer tissues excised from 139 untreated NSCLC patients. The experimental results showed that PD-1 receptors could be detected on the membrane of TILs, which were extracted from 60 patients' lung cancer tissues. The experiment also made a comparison on relapse-free survival (RFS) between PD-L1-negative and -positive patients. Results showed that the RFS for PD-L1-negative and -positive patients was 1.85 and 0.97 years, respectively. Existence of PD-1 and PD-L1 had the positive correlation with occurrence and recurrence rate of tumor immune escape.[@b16-dddt-11-3367]

Depending on PD-1 and its ligands, NSCLC may restrain immunoreactions through multiple approaches. In the normal immune process, T-cell receptors (TCRs) can specially identify peptide-major histocompatibility complex (MHC) presented by antigen-presenting cells (APCs). Co-receptors (CD4 or CD8) can bind with MHC molecules. The tyrosine kinase connecting to the end of receptors gets close to CD3 cytoplasm segment immunoreceptor tyrosine-based activation motif (ITAM), leads to tyrosine phosphorylation, and launches cascade reaction of kinase activation, so as to provide the first signal of inducing T lymphocytes' activation. In NSCLC patients' bodies, after TCRs are activated by antigens, PD-l receptors and TCR form a crosslinking and can be activated through ligand binding, which helps to start recruiting Scy homology 2 domain-containing protein tyrosine phosphatase-1 (SHP-1) and Scy homology 2 domain-containing protein tyrosine phosphatase-2 (SHP-2). SHP-1 and SHP-2 can dephosphorylate the tyrosine residue on immunoreceptor tyrosine-based inhibitory motif (ITIM) and immunoreceptor tyrosine-based switch motif on the end of PD-1 receptor in the cytoplasm, so as to activate PD-1 downstream signal pathways, reduce kinase activity inducing T-lymphocyte activation, prevent T lymphocytes from generating immunoreactions on tumor antigens, and induce body to generate immune tolerance to tumor antigens.[@b17-dddt-11-3367],[@b18-dddt-11-3367]

When APC surface costimulatory module B7 binds with T-cell surface CD28 to generate second signal inducing T-cell activation and proliferation, PD-1 will dephosphorylate near-end downstream signal modules of signal pathways mediated by CD28, such as lymphocyte-specific protein tyrosine kinase and zeta-chain-associated protein kinase-70 (ZAP70), blocking further transmission of downstream signals. After double-signal pathways are restrained, T cells cannot generate IL-2 as well as high-affinity IL-2R or the level of IL-2 autocrine decreases. Meanwhile, the corresponding receptors fail to combine with ligands efficiently, resulting in the obstruction of signal transmission. Thus, "third signal" activated by T cells is also restrained.[@b19-dddt-11-3367]

When costimulatory module B7 from APC binds with T-cell surface CD28 to generate second signal for T-cell activation and proliferation, phosphorylated ITAM of CD3 recruits, phosphorylates, and activates ZAP70, leading to the activation of leukocyte protein Src homology 2 domain-containing leukocyte phosphoprotein of 76 kDa (SLP-76) and integral membrane protein linker for activation of T cells (LAT) signal pathways. Then, they help to induce the transcription and expression of genes for T lymphocytes.[@b20-dddt-11-3367] On the contrary, PD-1 prevents ZAP70 form phosphorylation. After the first and second signals for T lymphocytes' activation fail to pass down, T cells cannot generate IL-2 as well as high-affinity IL-2R or complete IL-2 autocrine. Thus, third signal for T cells is also restrained.[@b21-dddt-11-3367]

In addition to double-signal immune activation mediated by TCR/CD3 and CD28, the activated PD-1 can block another two important immune activation signal pathways: phosphatidylinositol 3 kinase (PI3K)/protein kinase B (Akt) and Ras protein/small G protein (RAS)/mitogen-activated protein kinase-extracellular signal-related kinase kinase (MEK)/extracellular signal-regulated kinase (Erk) signal pathways. After activating normal double-signal pathways, casein kinase-2 (CK2) can phosphorylate phosphatase and tensin homolog deleted on chromosome ten (PTEN) C-terminal serine/threonine to stabilize its structure and restrain activity of phosphatase, so as to be advantageous for signal transmission of PI3K/Akt and promote proliferation and activation of T cells. On the signal pathways mediated by PD-1, it can restrain CK2 to block the phosphorylation on serine/threonine, so as to upregulate phosphatase activity of PTEN and block downstream signal transduction. MEK/Erk signal pathway is a branch in RAS downstream signal pathways. Besides, RAS downstream signal pathways including the MEK/Erk signal pathways activated by RasGRP-1 in downstream also can be blocked by PD-1 ([Figure 3](#f3-dddt-11-3367){ref-type="fig"}).[@b12-dddt-11-3367],[@b22-dddt-11-3367]

By studying the NSCLC immune escape mechanism, researchers have developed antibodies targeting PD-1 receptors that are highly expressed on T lymphocytes. By blocking transmission of the PD-1/PD-L1 signal pathways, antitumor ability of T lymphocytes can be reactivated. Some studies showed that, by using the flow cytometry technology, no obvious IFN-γ can be detected on the CD8^+^ T cells cultured with lung carcinoma in the control group. However, after adding anti-PD-1 antibodies, relatively obvious IFN-γ could be detected in the study group, proving that after adding anti-PD-1 antibodies, antitumor function of T lymphocytes can be recovered to some extent.[@b23-dddt-11-3367]

At present, the Food and Drug Administration has already approved three kinds of antibodies against PD-1 as targeted drugs for curing NSCLC, including atezolizumab, nivolumab, and pembrolizumab. Some researchers made a comparison on NSCLC's therapeutic effects between pembrolizumab and the traditional antitumor drug docetaxel. In the experiment, NSCLC patients whose PD-L1 expression rate of lung carcinoma was \>50% participated in experiment. During the experiment, pembrolizumab and docetaxel were used for patients. The results showed that median OS (mOS) of patients with pembrolizumab and of patients taking docetaxel was 10.4--14.9 and 8.2--8.5 months, respectively. And mPFS for patients with pembrolizumab and for patients taking docetaxel was 3.9 and 4.0 months, respectively. The overall response rate (ORR) of tumors to pembrolizumab and docetaxel reached 18%--30% and 8%--9%, respectively, indicating that antitumor action of pembrolizumab was obviously superior to docetaxel ([Table 1](#t1-dddt-11-3367){ref-type="table"}).[@b24-dddt-11-3367]

Forkhead box protein-3 (FOXP3)
==============================

In normal bodies, there are mainly two kinds of T lymphocytes, including effector T cell (Te) and regulatory T cell (Treg). Treg is a subtype of CD4^+^ T cells, with high expression of CD25 and low expression of CD127. The phenotype landmark FOXP3 can restrain immunoreactions through negative regulatory function to prevent human body from autoimmune disease (AD) and excessive inflammatory responses for antigens. The tumor cells of NSCLC can induce Treg to gather on tumor sites and TILs to highly express FOXP3.

FOXP3 structure includes four important components, including N terminal containing proline-rich (PRR) domain, zinc finger, leucine zipper domain, and C terminal used to bind with DNA chain. After FOXP3 on membrane is bound with corresponding ligand, it is activated and enters cells. Tat-interacting protein 60 kDa (TIP60) gets close and binds with N terminal of FOXP3, so that FOXP3 is acetylized. Acetylized FOXP3 polypeptide is considered as the prerequisite for FOXP3 to play a role, and then, FOXP3 can form complex with multiple factors, such as nuclear factor of activated T cells (NFAT). Finally, it is bound on the specific DNA fragment and further regulates expression of relative immune cytokines. To take the mechanism of NFAT as an example, first and second signals activating T cells in normal immune process will activate transcription factors NFAT and activated protein-1 (AP-1). The activated NFAT and AP-1 can form complex and then be transferred to cell nucleus, bind with IL-2 encoding gene, induce expression and secretion of IL-2, and further mediate T-cell activation.[@b25-dddt-11-3367] FOXP3 can recruit histone through PRR and use the binding of leucine zipper domain and histone H1.5 to replace the AP-1 in NFAT/AP-1 complex in cell nucleus ([Figure 3](#f3-dddt-11-3367){ref-type="fig"}).[@b26-dddt-11-3367] Some researchers conducted the contrast experiment. In the experimental group, there were three groups of T lymphocytes differentiated by adding histone, adding FOXP3, and adding FOXP3 and histone. The results found that by comparing with normal T lymphocytes, the IL-2 expression of lymphocyte by adding FOXP3 was reduced by five times. T lymphocytes IL-2 expression by adding FOXP3 and histone H1.5 was reduced by 45 times, showing that FOXP3 activation can greatly restrain IL-2 generation and block T-lymphocyte activation.[@b27-dddt-11-3367]

In addition to intervening in NFAT/AP-1 complex, FOXP3 can block the function of Ikaros family members Eos and Runxl-Cbf β for T-cell activation. Researchers extracted Treg in mice, induced Treg to lowly express FOXP3, and injected it into other mice. The results showed that Treg, which lowly expressed FOXP3, has the tendency to transform into other subtype such as Th1 with secretion of IFN-γ and Th2 with secretion of IL-4. It showed the multi-pathway blocking-up function of FOXP3, so as to block further differentiation of T lymphocytes and realize immunosuppressive functions.[@b28-dddt-11-3367] As a consequence, the high proportion of lymphocytes or TILs with high expression of FOXP3 suggests bad prognosis of NSCLC patients. Statistical data found that when ratio of FOXP3-positive CD8^+^ T lymphocytes to FOXP3-negative CD8^+^ T lymphocytes in NSCLC patients was changed from low to high, PFS of patients was reduced from 37.8 to 23 months. OS was decreased from 74.3 to 46.4 months. When the expression of FOXP3 was regarded as the single variable, patients with lung cancer whose CD8^+^ T lymphocytes lowly expressed FOXP3 were compared to the ones that highly expressed FOXP3, showing that PFS in group with high FOXP3 expression and group with low expression was 15.9 and 66.9 months, respectively. OS in group with high FOXP3 expression and group with FOXP3 low expression was 17.4 and 68.8 months, respectively, indicating that FOXP3 had the important significance on prognosis evaluation.[@b12-dddt-11-3367]

Though there are no targeted drugs restraining FOXP3 effectively, effective restraint on FOXP3 will be contributed to recovering T cellular immune function for patients, so as to improve prognosis of patients. The study targeting FOXP3 antibodies will be an important study direction in the future immune-targeted therapy.

CTLA-4
======

CTLA-4 is also a category of inhibitory receptors on T-cell surface. It is mainly expressed in CD8^+^ T lymphocytes. CTLA-4 and CD28 are homologous, and they owned the common ligands B7-1 (CD80) and B7-6 (CD86). CD28 binds with ligand to develop the role of activating immune reaction. CTLA-4 mediates negative immune regulatory functions.[@b29-dddt-11-3367] Generally, most of the CD28 molecules are found on cell membrane, while most of the CTLA-4 molecules occur in intracellular TGN (trans-Golgi network), endosome, and lysosomes.

In the early immunity, B7 mainly binds with CD28 and provides second signal for T-cell activation until it is activated for 24 hours. Then, CILA-4 replaces CD28 to bind with B7 and generate the negative regulation role in later period. The study shows that this may be related to the tyrosine-rich YVKM (Tyr-Val-Lys-Met, tyrosine-based endocytic motif) on the CTLA-4 terminal. Actually CTLA-4 starts expression as T cell is activated and its affinity with B7 is obviously higher than CD28. In the early stage, unphosphorylated YVKM binds with subunit μ2 in protein complex activated protein-2 (AP-2) and mediates CTLA-4 endocytosis, so that CTLA-4 quantity on the membrane will be reduced.[@b30-dddt-11-3367] Activated T lymphocytes can express a kind of type III transmembrane protein called TCR-interacting molecule (TRIM). With the bonding of antigen and TCR, TRIM is able to bond with p85, a subunit of PI3K and activate PI3K. p85 of PI3K then replaces the subunit μ2 bonding with YVKM. It weakens the endocytosis of CTLA-4 while facilitating CTLA-4 transferring to the cytomembrane and combination with CD80/CD86 to conduct immunosuppression signals.[@b31-dddt-11-3367] In cells, T lymphocyte calcium influx can activate calcium ionophore, making CTLA-4 to transfer to the cell membrane from TGN, and T lymphocyte also can accelerate the transfer of CTLA-4 to the cell membrane via SHP2-interacting transmembrane adapter protein or linker for activation of T cells (LAT). In cells, CTLA-4 can inhibit the effect of Erks through downstream RAS signal channel to finally cutoff the transcription and expression of cytokine and hinder the further activation of T lymphocytes.

The activated CTLA-4 activates SHP-2 by YVKM. Then, SHP-2 phosphorylates the tyrosine residues of CTLA-4, which helps to stabilize the extracellular structure of CTLA-4. When CTLA-4 binds with ligand CD80/CD86 through MYPPPY binding motif, it is able to enhance the activity of T lymphocytes and lead to the failure of the stable combination of T lymphocytes with APC. The ligation between CTLA-4 and CD80/CD86 also hinder the formation of TCR-ZAP70 microclusters, which further obstructs ZAP-70 to phosphorylate SLP-76 and LAT and inhibits the expression of IL-2 and antiapoptosis protein Bcl-X2, resulting in the disorders of T-lymphocyte activation, proliferation, and maturity ([Figure 3](#f3-dddt-11-3367){ref-type="fig"}).[@b32-dddt-11-3367],[@b33-dddt-11-3367]

The bonding of CTLA-4 and PI3K can activate phosphoinositide dependent kinase-1 and then phosphorylate protein kinase B (PKB). Activated PKB can phosphorylate Bcl-2 antagonist of cell death (BAD), a kind of proapoptosis factor in cell, to cutoff the bonding between BAD and Bcl-2, thus hindering the apoptosis of T lymphocytes. In this way, tumor can form nonfunctional T-lymphocyte wrapping around part of the lung cancer.[@b34-dddt-11-3367]--[@b36-dddt-11-3367]

As a result, if CTLA-4 is prevented from binding with ligands, it will be better for CD28 to bind with more ligands and develop the positive immune regulation result. Some findings found that after adding tremelimumab, a kind of antibody against CTLA-4 in T lymphocytes, the amount of CD4^+^ T lymphocytes secreting IL-2 and CD4^+^ and CD8^+^ secreting IFN-γ obviously increased, showing that blocking the binding of CTLA-4 and B7 could effectively promote proliferation of Te and recovery of immunity. Clinical data have proven that antibodies against CTLA-4 exactly could improve survival rate of NSCLC patients: 52 NSCLC patients were individually cured with antibodies against CTLA-4, nivolumab, ORR was 23%, and mOS was 19.4 months. When antibodies against PD-1 and CTLA-4 antibody were combined to use, ORR and 1-year survival rate were significantly improved. In the experiment, results showed that for the combination of two targeted drugs, ORR reached 43%, which was obviously higher than single nivolmab. One-year survival rate reached 83%, proving that CTLA-4 targeted drug contributed to curing NSCLC patients ([Table 2](#t2-dddt-11-3367){ref-type="table"}).[@b37-dddt-11-3367],[@b38-dddt-11-3367] Also, the combined use of two targeted drugs could have the synergistic effect.[@b39-dddt-11-3367] It will be significant to improve patients' prognosis and enhance patients' survival rate.

LAG-3
=====

LAG-3 belongs to immunoglobulin superfamily, and it is expressed in natural killer T cell, B lymphocytes, TILs, and dendritic cells. Especially, it is highly expressed in Treg lymphocytes and nonactive T lymphocytes. It also has the negative regulation role on T-cell immune functions.[@b40-dddt-11-3367]

LAG-3 is an immunoglobulin composed of 498 amino acids. The LAG-3 genome and CD4 genome are located on the same chromosome. Moreover, the similarity between LAG-3 genomic sequence and CD4 genomic sequence is up to 20%. LAG-3 has the stronger binding capacity with MHC class II (MHC II) of APCs than CD4. LAG-3 and CD4 mediate restraint and activation of immunoreactions, respectively. The research findings showed that LAG-3 is mainly located in the lysosomes of T lymphocytes. When T lymphocytes are stimulated by antigens presented by APC, LAG-3 pulls off glutamic acid--proline repeated sequence under the role of lysosomes and then it is transferred to cytomembrane under the assistance of protein kinase C. After it is transferred to the membrane, LAG-3 binds with CD3/TCR complex and then downregulates signal transduction mediated by CD3/TCR complex, such as inhibiting the PLC-γ, changing calcium ionic flow, and downregulating IL-2 expression. Meanwhile, signal pathways mediated by LAG-3 can further restrain expression of CD3/TCR complex gene, restrain proliferation of T lymphocytes, and reduce immune lethal effects of T lymphocytes on lung cancer cells ([Figure 3](#f3-dddt-11-3367){ref-type="fig"}).[@b41-dddt-11-3367]

NSCLC cells can induce T lymphocytes to highly express LAG-3, so as to restrain anti-tumor roles of T lymphocytes. This is advantageous for tumor survival and progression. In the experiment, 139 lung cancer tissues were excised from different NSCLC patients. IHC was used to detect positive rate of LAG-3 on TILs from the tissues, finding that TILs in 36 samples could be detected with LAG-3 expression. Positive rate reached 25.9%. Meanwhile, by comparing RFS and OS of patients with LAG-3-positive TILs and LAG-3-negative TILs, the results showed that the RFS and OS of patients with LAG-3-negative TIL were 1.91 and 3.04 years, respectively. RFS and OS of patients with LAG-3-positive TIL were only 0.87 and 1.08 years, respectively, showing that immunosuppressive action induced by LAG-3 greatly inhibits the antitumor immunoreaction of patients, so as to greatly reduce patients' survival rate.[@b42-dddt-11-3367]

At present, LAG-3-targeted therapy is kept in the study stage. Researchers extracted normal T lymphocytes of mice to culture in vitro and added antibodies against LAG-3. After culturing for several days, the number of T lymphocytes was obviously increased and it was 2.3 times by comparing with the control group. There were multi-directional differentiated T lymphocytes, showing that T lymphocytes started differentiation and maturation after LAG-3 receptors were antagonized.[@b43-dddt-11-3367] The quantity and function of T lymphocytes could be recovered. Anti-Lag-3 is promising to be one of targeted drugs for curing NSCLC in the future.

TIGIT
=====

TIGIT is similar to CTLA-4 and PD-1. All of them belong to a kind of co-suppression receptors. TIGIT is mainly expressed in NK, Treg, CD8^+^, and CD4^+^T cells. By binding with ligand CD155, it will restrain pathological reaction caused by autoimmunity and develop a negative regulation role of immunity.[@b44-dddt-11-3367]

TIGIT owns immunoglobulin tail tyrosine (ITT)-like motif and an ITIM on the cytosolic terminal. Tyr-225 on ITT-like motif can be phosphorylated, which help recruit adapter protein β-arrestin 2 and then recruit Scy homology 2 domain-containing inositol phosphatase-1 (SHIP1). SHIP1 can block ubiquitination of tumor necrosis factor receptor-associated factor 6 to restrain activation of IκBαl factors which is crucial to activate nuclear factor of kappa light polypeptide gene enhancer in B cells (NF-κB) signal pathways. After NF-κB signal transduction pathway was blocked, production of IFN-γ was reduced ([Figure 3](#f3-dddt-11-3367){ref-type="fig"}). The IFN-γ expression of common NK cells, TIGIT transgenic NK cells, and NK cells knockout TIGIT gene were detected. The experimental results showed that IFN-γ expression in the control group was \>300 pg/mL. IFN-γ expression in transgenic group of the experimental group was \<100 pg/mL. IFN-γ expression in knockout gene group was \>500 pg/mL, which was obviously higher than the control group, implying that TIGIT can restrain NF-κB signal pathways to reduce IFN-γ generation, so as to develop immunosuppression effects.[@b45-dddt-11-3367]

In addition, TIGIT-positive Treg cells can highly express and secrete IL-10, which not only can restrain innate immunity in tumor microenvironment and but also can induce generation of tumor antigen's tolerogenic dendritic cells and interdict presentation of tumor cell antigen, so as to block immunoreactions of lung carcinoma cells. Second, TIGIT-positive Treg cells can regulate different types of immunoreactions selectively, reduce secretion of IL-4, and restrain type II immunoreactions, so as to promote differentiation of tumor-associated macrophage 2, which can secrete lots of IL-10 and TGF-β to restrain T-cell activation and proliferation and restrain generation of T cells' antitumor immunity.[@b46-dddt-11-3367] In addition, TILs and Tregs gathered at tumor parts of NSCLC can highly express TIGIT receptors and also highly express other types to restrain receptors, so that antitumor ability is obviously weakened.[@b47-dddt-11-3367]

At present, the mechanism of TIGIT on immunosuppression effects is still kept in the research stage. By virtue of the extensive inhibiting effects, TIGIT is likely to be the important target spot of curing NSCLC in the future.

Conclusion
==========

The study and analysis of immunosuppression receptors, immunosuppressive factors, and their signal transduction pathways are contributed to clinically producing targeted drugs by targeting various receptors, blocking negative regulation signal transduction pathways, and recovering antitumor immune reactions. Besides, some studies displayed that positive rate of TIM-3 and PD-1 receptors on TIGIT-positive T lymphocytes was higher than TIGIT-negative T lymphocytes, showing that there was mutually promoted relationship among various immune inhibitory receptors. The understanding on various signal pathways of immunosuppression receptors contributes to discovering the relationship between receptors, clinical development of new-type targeted drugs, realizing simultaneous blocking of multiple immune inhibitory signal pathways, and improving therapeutic effects of targeted drugs.

The successful utilization of targeted drugs targeting immune inhibitory receptors offers the new measure to cure NSCLC patients. By blocking the binding between receptors and corresponding ligands, it blocks activation of negative regulation signal pathways and recovers anti-tumor immunoreactions. Clinical test has already showed that multiple targeted drugs have the positive influences on lengthening PFS of patients with lung cancer and improving patients' survival rate. At present, clinical allowable drugs include anti-CTLA-4 ipilimumab, anti-PD-1 nivolumab and pembrolizumab, and PD-1 ligand antibody atezolizumab. However, there is no clear mechanism of NSCLCs suppressing antitumor immunoreaction, so that anti-immunosuppressive action of immune-targeted drugs is widely applied, resulting in the generation of side effects. Some research analyses indicated that among patients cured by anti-CTLA-4, ipilimumab, occurrence rate of diarrhea and colonitis was up to 32.8% and it often occurred in 6--7 weeks of initial medication. A few patients who had been cured by ipilimumab and nivolumab suffered from hepatitis mediated by autoimmunity. Many patients had no clinical symptoms but had increased aspartate transaminase, alanine transaminase, and total bilirubin.[@b48-dddt-11-3367] A total of 11%--17% of patients who took ipilimumab could develop hypophysitis, thyroiditis, and hypothyroidism because of autoimmunity.[@b49-dddt-11-3367]

Among patients taking anti-PD-1 treatment, \~9% of patents might suffer from interstitial pneumonia and alveolar pneumonia mediated by autoimmunity. Patients might have obvious dyspnea, cough, and hemoptysis. Serious pneumonia might result in treatment interruption. In terms of dermal toxicity, the commonest side effects might be skin itch maculopapule. What is more, it will even trigger leucoderma, Steven--Johnson syndrome, toxic epidermolysis, bullous pemphigoid, and so forth.[@b50-dddt-11-3367]

By studying immunosuppression signal pathways induced by receptors, researchers have already produced targeted drugs specific to various receptors. They proved that blocking the immunosuppressive signal pathways contributed to curing NSCLC patients. However, it could be observed from above-mentioned side effects that tumor antagonist restrained immune cells and also resulted in unbalance of autoimmune system, so as to result in ADs. On one hand, by focusing on these problems, researchers will further study signal pathways in the future, know about the NSCLC how to induce immune cells to highly express immunosuppression receptors, and block occurrence of immunosuppression from the source. On the other hand, the researchers can study the relationship among various immune inhibitory receptors and invent multiple anti-immunosuppression receptors' targeted drugs on the basis of the better mechanism comprehension. What is more important: features of immunosuppression signal pathways induced by NSCLC should be studied, so as to increase specificity of targeted drugs for tumor cells and recover T-lymphocyte functions in lung cancer regions without unbalance in immune system and immune diseases after using targeted drugs.

This study was supported by the Natural Science Foundation of Guangdong Province, China (2016A030313620).

**Disclosure**

The authors report no conflicts of interest in this work.

![Estimated incidence of cancer worldwide.](dddt-11-3367Fig1){#f1-dddt-11-3367}

![Estimated deaths from cancer worldwide.](dddt-11-3367Fig2){#f2-dddt-11-3367}

![Signal pathway of the immune inhibitory receptors.\
**Notes:** PD-1 crosslinks the TCR and recruits the SHP-2, which can dephosphorylate the ZAP-70 to prevent the SLP-76 and LAT from being phosphorylated. PD-1 can also restrain the CK2 to stop the phosphorylation of PTEN for inhibiting the PI3K/Akt pathway. FOXP3 can be acetylized by TIP60 and then form a complex with H1.5, which can replace AP-1 in NFAT/AP-1 to downregulate expression of cytokines. CTLA-4 can recruit SHP-2, which can dephosphorylate ZAP-70 and can inhibit the effect of Erk and block the activation signal conducted by the Erk/MEK pathway. LAG-3 combines with the CD3/TCR and then downregulates signal transduction such as inhibiting PLC-γ, changing calcium ionic flow, and downregulating cytokine expression. TIGIT owns ITT-like motif of which Tyr-225 can be phosphorylated. It can recruit adapter protein β-arrestin 2 and then recruit SHIP1, which can block the ubiquitination of TRAF6 to restrain activation of IκBα factor, leading to the failure of NF-κB signal pathways and low cytokine expression.\
**Abbreviations:** AP-1, activated protein-1; Akt, protein kinase B; CK2, casein kinase-2; CTLA-4, cytotoxic T-lymphocyte-associated antigen-4; FOXP3, Forkhead box protein-3; LAG-3, lymphocyte activation gene-3; MEK, mitogen-activated protein kinase-extracellular signal-related kinase kinase; NF-κB, nuclear factor of kappa light polypeptide gene enhancer in B cells; NFAT, nuclear factor of activated T cells; P, phosphate; PD-1, programmed death-1; PD-L1, programmed death ligand 1; PLC-γ, phospholipase C gamma; PTEN, phosphatase and tensin homolog deleted on chromosome ten; Ras, Ras protein/small G protein; SHIP1, Scy homology 2 domain-containing inositol phosphatase-1; SHP-2, Scy homology 2 domain-containing protein tyrosine phosphatase-2; TCR, T-cell receptor; TIGIT, T-cell immunoglobulin and ITIM domain; TIP60, Tat-interacting protein (60 kDa); TRAF6, tumor necrosis factor receptor-associated factor 6; ZAP-70, zeta-chain-associated protein kinase-70.](dddt-11-3367Fig3){#f3-dddt-11-3367}

###### 

Nivolumab, pembradizumab, and docetaxel

  Characteristic and response   Nivolumab         Pembradizumab     Docetaxel
  ----------------------------- ----------------- ----------------- --------------------
  Trial name                    CheckMate 026     Keynote 010       Keynote 010
  Treatment schedule            3 mg/kg/2 weeks   2 mg/kg/3 weeks   75 mg/m^2^/3 weeks
  Number of patients            271               345               343
  mOS (months)                                                      
   PD-L1 ≥1%                    14.4              10.4              8.5
   PD-L1 ≥50%                                     14.9              8.2
  mPFS (months)                                                     
   PD-L1 ≥1%                    4.2               3.9               4.0
  ORR (%)                                                           
   PD-L1 ≥1%                    19                18                9
   PD-L1 ≥50%                                     30                8

**Abbreviations:** mOS, median overall survival; mPFS, median progression-free survival; ORR, overall response rate; PD-L1, programmed death ligand 1.

###### 

Nivolumab and nivolumab plus ipilimumab

  -------------------------------------------------------------------------------------
  Characteristic and response   Nivolumab         Nivolumab plus ipilimumab
  ----------------------------- ----------------- -------------------------------------
  Trial name                    CheckMate 017     CheckMate 012

  Treatment schedule            3 mg/kg/2 weeks   Nivolumab: 3 mg/kg/2 weeks\
                                                  Ipilimumab: 1 mg/kg/(6 or 12 weeks)

  Number                        135               77

  mOS (months)                  9.2               Not reported

  ORR (%)                       20                43

  One-year survival rate (%)    42                83 (ipilimumab: 1 mg/kg/6 weeks)\
                                                  90 (ipilimumab: 1 mg/kg/12 weeks)
  -------------------------------------------------------------------------------------

**Abbreviations:** mOS, median overall survival; ORR, overall response rate.

[^1]: These authors contributed equally to this work
